This paper studies the spacecraft multi-target tracking. Firstly, the spacecraft expected attitude angle is designed according to the mission requirement, namely having the camera on the chaser spacecraft point strictly to the target spacecraft and maximizing the communication time between the antenna on the chaser spacecraft and the Earth. Then, the appropriate antenna installation angle is calculated based on task constraints. Finally, numerical simulation is presented to verify the effectiveness of the design of expected attitude angle and antenna installation angle.
Introduction
Recently, distributed small satellite system becomes research hotspot in the field of international application satellite [1] [2] , such as TacSat, OE, ORS and F6(Future, Fast, Flexible, Fractionated, Free-Flying). Distributed small satellite system is composed of two or more small satellites on one or more orbits with certain requirements, coordinating and cooperating to complete some space mission and achieve greater value. These small satellites have the feature of small size, light weight, low cost, short development cycle, fast and flexible, timely application of new technologies, etc. However, to achieve high accuracy and fast attitude tracking control of the small satellites, the problem of constraints must be considered during the controller design.
In the field of spacecraft attitude control, the spacecraft multi-target attitude tracking dynamics and control is an important technology. Now the multi-target tracking technology is mostly focus on orbit design [3] [4] and navigation algorithm [5] . Yet there is few studies on multi-target attitude tracking control [6] . In the circumstances that payload on the spacecraft can be maneuvered, multi-target attitude tracking control is achieved by the maneuvers of the spacecraft centerbody and the payload. In the attitude maintaining or tracking control of the spacecraft center-body, the interference caused by the rotational motion of the payload is defined as the external disturbance torque, and robust control or adaptive control method is designed to eliminate the effect of the disturbance torque [7] [8] .
In this paper, the attitude tracking control problem of some satellite with multi-target tracking constrained in distributed small-satellite system was studied. Due to the limited size, antenna and camera were fixed on the small satellite firmly. The antenna installation angle and the expected attitude angle are designed to ensure that the camera points strictly to the target spacecraft, and the communication time with the Earth could be maximized simultaneously.
Spacecraft Motion Equation
Some of the coordinate systems in the chaser spacecraft are defined as:
Geocentric inertial coordinate Spacecraft attitude kinematics can be described with quaternion as:
The error quaternion of coordinate B relative to coordinate D is defined as:
The transformation matrix of coordinate B relative to coordinate D can be written as:
The error angular velocity of coordinate B relative to coordinate D is defined as:
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The kinematics of the spacecraft attitude tracking error quaternion can be written as: 
The spacecraft attitude dynamics can be expressed as:
Expected Attitude Angle Design

A. The camera fixed on the chaser spacecraft points to the target spacecraft in real-time
The target spacecraft is designated as satellite T , and the chaser spacecraft is designated as satellite F . In the process of satellite F real-time pointing to satellite T , the target vector 
When satellite F is in the expected attitude, the sight axis of the camera points exactly to satellite T , and the projection array of
is obtained. The expected pitch angle and yaw angle can be written respectively as:
arctan( )
When the camera points to satellite T in real-time, the roll angle around the body axis b Ox is unconstrained. The roll angle can then be controlled to achieve maximum communication time with the Earth.
B. Chaser spacecraft communicates with the Earth
As mentioned above, the antenna is fixed on satellite F and can't rotate. To make sure that satellite F communicates with the Earth, the shaft of the antenna should point to the Earth.
Firstly, design the optimal antenna installation angle ( , ) Oz . To reduce the maneuver process, roll angular velocity and initial roll attitude angle can be set at zero when designing the antenna installation angle, written as 0, 0 dd    
Numerical Simulation
Six orbital elements of satellite T and satellite F , and the initial attitude angle and initial angular velocity of satellite F can be given as follows: 
The control law is as follows [9] 00 ()
Other parameter values can be selected as follows: 
 
, and the communication time is 10048s . Fig. 2 is the antenna installation diagram. Fig. 3 outlines the history of the spacecraft expected attitude angle under the multi-target tracking condition. As required, the camera on satellite F should track satellite T in real-time, and simultaneously keep the antenna pointing to the earth for communication. Fig. 5 shows that the tracking is achieved at about the 20th second, and is maintained during the whole period (see Fig. 4 ).   . The significant difference between Fig. 7 and Fig. 8 verifies the necessity of the installation angle design for the antenna.
Conclusions
This paper studied the multi-target tracking control for spacecraft with fixed antenna. The chaser spacecraft is expected to track the target satellite and orient to the Earth at the same time. Two constraint conditions, therefore, have to be met by the chaser spacecraft. Firstly, the camera must track the target in real-time; secondly, the shaft of the antenna should point to the Earth for communication. In the study, both the installation angle for the fixed-antenna and the optimal expected attitude angle were taken into consideration simultaneously.
Compared with the movable antenna, the antenna fixed into spacecraft comprises less moving components, thus reducing the disturbance caused by these components. The simulation results verified the effectiveness of the design.
The method used in designing the expected attitude angle could be applied to the design of the attitude tracking controller for other multi-target tasks and has great potential applicability in engineering.
